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Long-term monitoring of snow patches on southeast-facing slope
of Mt. Chokai by terrestrial photogrammetry from 1979 to 2015

Osamu ABE

* Shinjo Cryospheric Environment Laboratory, Snow and Ice Research Center,
National Research Institute for Earth Science and Disaster Prevention (NIED), Japan
oabe@bosai.go.jp

Abstract

The results of long-term monitoring of snow patches on the southeast-facing slope of Mt. Chokai using terrestrial
photogrammetry are presented here for the years 1979 to 2015. Mt. Chokai (2236 m a.s.l.) is a volcano located
along the coast of the Sea of Japan on northern Honshu Island, Japan. Monochrome photographs of the snow
patches that typically remain on the mountain slopes until the beginning of winter were captured from the Shinjo
Cryospheric Environment Laboratory, Snow and Ice Research Center, NIED using a telephoto lens (f302.7 mm).
The distance between Mt. Chokai and the site at which the images were captured was 41.25 km. A total of 236
images were digitally scanned at a resolution of 3200 dpi and a depth of 16 bits, and the area of snow cover for 85
of these images were carefully binarized. The visible proportion of snow cover was defined as the area of visible
snow cover divided by the total visible area above 1000 m a.s.l. Seasonal changes in the visible proportion of snow
cover from spring to autumn were obtained for the years of 1983 and 1999, and two values of the visible proportion
of snow cover in spring and autumn were observed in other years. No data were obtained for the autumns of 1986,
1988 and 1991, spring of 2003, and autumn and spring of 1992. Although the largest snow patch - ‘Omata’ on the
southeast-facing slope of Mt. Chokai - did not disappear in any of the autumn seasons, the second largest snow
patch - ‘Kaigata’ - occasionally disappeared. The ‘Omata’ snow patch was largest in the autumn of 1996, and
smallest in the autumn of 2002.

Keywords: Snow patch, Long term monitoring, Mt. Chokai

1L ZUBI 7, 2012). Fi, BHIBEASEHSOER L

TR ERT RORAICH DL IET s RBHEVELTHELENTEZ (7 W 1981). 5
[ERNE IS S ‘}'L'Ta\%012,236m1“356 D=, [T, ER YA solEEERI AL, [AF—
KAADOFFRITK DA - LEORFITFEIN LS V—l, AN SDOIMIEGEELINEE THS.
DEFNGT T L. ERERSEER0Y, EHVE ERONRIZE F 2720, ¢ HRADEHFR LT
KUZDERENTEIN, WEWFEOENI/K RO WMIPDEINTEA. A TlE, - B (1976,
B, ERVREBICURIND (B, 1968). 1977, 1978) Iz L D S AlA ® (2 dp 5[5 1 [ L532
BAE T, ZRE DR ORKF £ D JRE L HTAESL DEFIC DbVCm,,f;%ﬂ\z‘» SbhbiiTnws., Ly

1, i*’rw&n‘iééhé&wiixn bdhod G - fy U, R 0O%AR® THADITHRIEFIIONT

FETERH N R PREE L VR RTP Ry — R VAL RGN

—1—



§f R A i g ffr i 4 R

\E, TO7 T O—FOXREEING, T E TR
CEP I nE E R h ol -, AE TR
M EZORICKD, [HVE) 5\2@:‘&@%&% £
1980 f# 75 F SN TS B MED, 1990 ; Bk
iZ7, 2012).

NIRRT 2 H —TIE 1980 § LY OFX
DEMED 2T, T E 1989 § (T
J5 L7z (3§7%1F 7, 1996 ; Nakamura et al., 1996). L
ML, TN UG HREICHT L7 —FIIDONT
WFHRHR b DONFEEAER NS 2.

AEHE R INICRADEDICHE TH2H0TH
5. AW OEEOHEREEZSIY T TEHI L
5/]\43“/ A2 R OB T —F 00 T
ol EaHITY FEn (1984) ICX > TH®D S
Nz, TITRTEBLETRAAVOLS 2257
W, INH5DTF—F HEIT 5.

2. Wi
21 *?7533%?!?

TS SRR T T 1400 mﬁu\w:s e g i
3:7’\%«’5“%""’2/9~ #rE SN LT R A b
(4% 38.790083°, E & 140.3111950, M E 127 m)
MO Uz, 53 B EToNMYE RN EED
41.25km TH2 (Y 1). /23, 1996 § “andfr 3 B
(B -H 102 m), 1997 § DL IEEIN G S S,

(=8 17.0m) NS EH L. C’ﬁ\%biéiﬁ
CORER® OEENITE NS TED.

~ EE N
BB By
1] | ﬂ_}‘

B AT

R \-1t ghokai = b e R
(e n 15 Q_ f_;‘-'ll:ﬁ'll.. ﬂ
e 'I : . —I—
"he £ LSS En
i 2 I
{ e
..... ?...... el e il e P b~ Bl e L L L T

YR AR (P, T AR AR— U &
D)
Fig. 1 Locations of Mt. Chokai and the observation point (P).
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Table 1 List of scanned images of Mt. Chokai; dyed and/or underlined dates indicate images used in this report.

E: # % A B o |
1979| 6/24; 6/1; 7/7; 7/20; 8/14; 8/29; 9/20; 11/1 8 2
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1992 i i ol o
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1997| 5/12; 7/1] 7/8{10/19 10/22; i 5 2
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2000| 418! 6/12110/23! I : 3 2
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Fig. 2 Topographical image of Mt. Chokai from the observation point, generated using the Kashmir software package.
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Fig. 3 Photograph of Mt. Chokai taken from the observation point; A: ‘Omata’ snow patch, B: ‘Kaigata’
snow patch.
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Fig. 4 Baseline images for spring (top) and autumn (bottom).
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Fig. 6 Seasonal changes in the visible proportion of snow cover

in 1983 and 1999; origin of the x-axis is January 1.
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Table 2 Annual variations in the visible proportion of
snow cover in spring and autumn.

£ #H(AAE) B(ER)
1979 64.77 (5/24) 092 (9/20)
1980 76.70 (5/14) 0.89 (10/1)
1981 7200 (5/15) 261 (9/21)
1982 7200 (5/24) 166 (10/10)
1983 6767 (5/10) 097 (9/29)
1984 77.37 (5/21) 1.39 (10/15)
1985 66.45 (5/16) 0.73 (10/20)
1986 74.16 (5/12) -

1987 5540 (5/21) 0.58 (9/22)
1988 7378 (5/3) B

1989 6741 (5/10) 0.37 (10/9)
1990 7426 (5/7) 021 (10/12)
1991 69.31 (5/7) -

1992 - -

1993 6739 (6/2) 229 (9/27)
1994 7062 (5/17) 092 (10/21)
1995 3623 (6/18) 044 (9/21)
1996 8162 (517 646 (9/12)
1997 69.18 (5/12) 1.02 {(10/22)
1998 39.72 (5/11) 0.7 (10/21)
1999 6395 (5/14) 0.73 (9/24)
2000 66.64 (5/30) 1.01 (10/19)
2001 63.36 (5/13) 146 (9/5)
2002 67.27 (5/2) 016 (1012)
2003 - 1.71 (9/16)
2004 4963 (5/26) 0.25 (10/5)
2005 6588 (5/26) 0.16 (10/286)
2006 7768 (5/9) 095 (10/18)
2007 451 (6/19) 0.23 (10/18)
2008 64.75 (5/12) 090 (9/30)
2009 3743 (612) 027 (10/23)
2010 71.96 (5/16) 0.19 (10/18)
2011 67.98 (5/18) 027 (10/189)
2012 69.84 (5/14) 040 (10/10)
2013 58.71 (6/13) 1.22 (10/19)
2014 56.62 (6/5) 1.31 (10/23)
2015 61.72 (5/11) 0.76 (10/186)
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Annual variations in the visible proportion of
snow cover; a: 1979-1990, b: 1991-2000, c:
2001-2010, d: 2011-2015.
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Fig. 8 Images of the ‘Kaigata’ snow patch on September 24,
1999 (top), and on October 1, 1999 (bottom).
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AR O

Y 11 53 OREmEEO2 @2 (1983 F 4 18 7)
Fig. A1.1 Binarized image of snow cover areas on Mt. Chokai on April 18, 1983.

N¥ 12 595 OREEKO2 @2 (1983 F S 47)
Fig. A1.2 Binarized image of snow cover areas on Mt. Chokai on May 4, 1983.

Y13 530 OREEHO2 M@ (-2 g (1983 F SPF 107)
Fig. A1.3 Binarized image of snow cover areas on Mt. Chokai on May 10, 1983.
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H'Y 1.4 59 OREEKD 2@ (1983 F 50 247)
Fig. A1.4 Binarized image of snow cover areas on Mt. Chokai on May 24, 1983.

F'Y 15 A3 OREEKD 27231983 F 5 307)
Fig. A1.5 Binarized image of snow cover areas on Mt. Chokai on May 30, 1983.

Y 1.6 S35 OREEKO2 B2 FE(983 F 6 A 37)
Fig. A1.6 Binarized image of snow cover areas on Mt. Chokai on June 3, 1983.
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XORILDE

3:

AT oREERO2 @B E (1983 F 6 F 87)
Fig. A1.7 Binarized image of snow cover areas on Mt. Chokai on June 8, 1983

MY 1.7

W DREEKD 2 B (73 (1983 F 6 A 15 7))
Fig. A1.8 Binarized image of snow cover areas on Mt. Chokai on June 15, 1983

FY 1.8

S OREEAD2 M@ (1983 F TR 127)

FYy 1.9
Fig. A1.9 Binarized image of snow cover areas on Mt. Chokai on July 12, 1983
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Ry 110 S OMEERD2 @2 F 01983 F 8H 57)
Fig. A1.10 Binarized image of snow cover areas on Mt. Chokai on August 5, 1983.

MY 11 S35 - OFEEERO 2 @72 @ (1983 f# 9 f 29 1)
Fig. A1.11 Binarized image of snow cover areas on Mt. Chokai on September 29, 1983.
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oA R

RY 21 53 OREERO2 @2 E (1999 fF 4 F227)
Fig. A2.1 Binarized image of snow cover areas on Mt. Chokai on April 22, 1999.

F'Y 22 A9 OREEKD 2@ 2 @999 F SA27)
Fig. A2.2 Binarized image of snow cover areas on Mt. Chokai on May 2, 1999.

MY 23 53 OREEXO2 @2 E 099 F 50 87)
Fig. A2.3 Binarized image of snow cover areas on Mt. Chokai on May 8, 1999.
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HY 2.4 535 OFEERD2 @2 01999 § 50 117)
Fig. A2.4 Binarized image of snow cover areas on Mt. Chokai on May 11, 1999.

Ry 25 59 OREEKD2M@>2E1999 F 50 14 7)
Fig. A2.5 Binarized image of snow cover areas on Mt. Chokai on May 14, 1999.

R'Y 2.6 S35 ORTEERD2 @2 E1999 F 58 317)
Fig. A2.6 Binarized image of snow cover areas on Mt. Chokai on May 31, 1999.
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AR O

MY 2.7 8535 OREEEAO2 M@ 999 §F 7030 7)
Fig. A2.7 Binarized image of snow cover areas on Mt. Chokai on July 30, 1999.

MY 28 53§ OREEAD2ME 2 EA999 F 8 6)
Fig. A2.8 Binarized image of snow cover areas on Mt. Chokai on August 6, 1999.

g
S

Ry 29 |

W OREEEKO 2@ (1999 F 9 37)
Fig. A2.9 Binarized image of snow cover areas on Mt. Chokai on September 3, 1999.
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R 210 53 OFEERO2 @23 (1999 fF 9 f 24 7))
Fig. A2.10 Binarized image of snow cover areas on Mt. Chokai on September 24, 1999.
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g mA A O

HY 311 S OREERO2 @3 @ 0979 § 55 247)
Fig. A3.1.1 Binarized image of snow cover areas on Mt. Chokai on May 24, 1979.

MY 3.1.2

SR EERO 2 @B EA979 F 9F 20 7)
Fig. A3.1.2 Binarized image of snow cover areas on Mt. Chokai on September 20, 1979.
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FY 321 5350 OREEEKO2E[~2 (1980 # 5 14 )
Fig. A3.2.1 Binarized image of snow cover areas on Mt. Chokai on May 14, 1980.

F'Y 322 53 OREERD?2 @2 EA980 F 108 17)
Fig. A3.2.2 Binarized image of snow cover areas on Mt. Chokai on October 1, 1980.
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g mE AR DR

S OB 2 fE {7 EE (981 F 5 F 15 7)
Fig. A3.3.1 Binarized image of snow cover areas on Mt. Chokai on May 15, 1981.

MY 3.3.1

Y 332

S OB EEKD 2 @R E (1981 fF 9 21 7)
Fig. A3.3.2 Binarized image of snow cover areas on Mt. Chokai on September 21, 1981.
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MY 341 53§ OREEAD2 @2 iR(1982 F 524 7)
Fig. A3.4.1 Binarized image of snow cover areas on Mt. Chokai on May 24, 1982.

MY 3.42 S35 OFEEERO2 @2 0982 F 10 810 7)
Fig. A3.4.2 Binarized image of snow cover areas on Mt. Chokai on October 10, 1982.
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oA R

MY 351 S OREERO2ME2E 983 F 55 107)
Fig. A3.5.1 Binarized image of snow cover areas on Mt. Chokai on May 10, 1983.

Ny 352

S OREERO 2 @R g (1983 F 9 f 29 1)
Fig. A3.5.2 Binarized image of snow cover areas on Mt. Chokai on September 29, 1983.
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R¥ 361 51§ OREERD2 @2 EA984F 5F217)
Fig. A3.6.1 Binarized image of snow cover areas on Mt. Chokai on May 21, 1984.

R'y3.62 51§ OFEERO2 @2 1984 F 10 157)
Fig. A3.6.2 Binarized image of snow cover areas on Mt. Chokai on October 15, 1984.
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g mE AR DR

KD 2 fEi~E (1985 F 5 A 16 7))

S oREE
Fig. A3.7.1 Binarized image of snow cover areas on Mt. Chokai on May 16, 1985.

Y 3.7.1

'y 3.7.2 535 OFMEEHKD 2 @ (~2 @ (1985 F 10 f 20 2)
Fig. A3.7.2Binarized image of snow cover areas on Mt. Chokai on October 20, 1985
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Ny 3.81 51§ OREERD2 @2 g 0986 F 5 127)
Fig. A3.8.1 Binarized image of snow cover areas on Mt. Chokai on May 12, 1986.
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S OREERD 2 ME{EE (1987 F SR 21 T)
Binarized image of snow cover areas on Mt. Chokai on May 21, 1987.

'Y 3.9.1
Fig. A3.9.1

Y 392

S OREERO 2 B (1987 fF 9F 22.1)
Fig. A3.9.2 Binarized image of snow cover areas on Mt. Chokai on September 22, 1987.
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Ry 3101 535 OMEEKO2 @2 E (1988 F S 37)
Fig. A3.10.1 Binarized image of snow cover areas on Mt. Chokai on May 3, 1988.
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g mE AR DR

S OREERO 2 @72 (1989 F 510 T)
Fig. A3.11.1 Binarized image of snow cover areas on Mt. Chokai on May 10, 1989.

Y 3.11.1

FY 3.11.2

AW OREERO2 @B E (1989 F 105 9 7)
Fig. A3.11.2 Binarized image of snow cover areas on Mt. Chokai on October 9, 1989.
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MY 3121 53 OREEKO2 @2 H0990 F 58 77)
Fig. A3.12.1 Binarized image of snow cover areas on Mt. Chokai on May 7, 1990.

MY 3122 595 ORFEEKD 2 @720 (1990 § 10 B 12 7)
Fig. A3.12.1 Binarized image of snow cover areas on Mt. Chokai on October 12, 1990.
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S OREERO 2 @R 991 F ST )

Y 3.13.1 g
Fig. A3.13.1 Binarized image of snow cover areas on Mt. Chokai on May 7, 1991.
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MY 3141 S35 ORI EEKO2 @2 1993 F 6 F27)
Fig. A3.14.1 Binarized image of snow cover areas on Mt. Chokai on June 2, 1993.

Ry 3142 535 OREEKO2 @2 #1993 F 9 f 27 7)
Fig. A3.14.2 Binarized image of snow cover areas on Mt. Chokai on September 27, 1993.
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oA R

S OREERD 2 @ E (1994 F SR 17 T)
Fig. A3.15.1 Binarized image of snow cover areas on Mt. Chokai on May 17, 1994.

FY 3151

'y 3152 S35 ORFEEKD 2 @ (>3 (1994 F 10 A 21 7)
Fig. A3.15.2 Binarized image of snow cover areas on Mt. Chokai on October 21, 1994.
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Ry 3161 53§ OREEKO2E{~2H (1995 # 6 f 18 7)
Fig. A3.16.1 Binarized image of snow cover areas on Mt. Chokai on June 18, 1995.

F'Y 3162 53§ OREEKO2 @2 #1995 F 9f 21 7)
Fig. A3.16.2 Binarized image of snow cover areas on Mt. Chokai on September 21, 1995.
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oA R

A OREEAO 2@ E 1996 F 5 A 17 )
Fig. A3.17.1 Binarized image of snow cover areas on Mt. Chokai on May 17, 1996.

Y 3.17.1

RY 3172 S OFEERO2M@(~2 @199 F 9 A 12 7)
Fig. A3.17.2 Binarized image of snow cover areas on Mt. Chokai on September 12, 1996.
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MY 3181 S35 OREERKO2 @2 E (1997 fF S A 12 7)
Fig. A3.18.1 Binarized image of snow cover areas on Mt. Chokai on May 12, 1997.

F'y 3182 A3 OREEKD2 @ (21997 F 10 f 22 7)
Fig. A3.18.2 Binarized image of snow cover areas on Mt. Chokai on October 22, 1997.
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g mE AR DR

S OB EEKD 2 @R E (1998 F 5P 11 7)
Fig. A3.19.1 Binarized image of snow cover areas on Mt. Chokai on May 11, 1998.

Y 3.19.1

'y 3.19.2 S35 OMEEKD 2 @ (-2 @ (1998 §F 10 f 21 7)
Fig. A3.19.2 Binarized image of snow cover areas on Mt. Chokai on October 21, 1998.
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Ry 3201 535 OFEEKO2 @2 #1999 F 50 14 7)
Fig. A3.20.1 Binarized image of snow cover areas on Mt. Chokai on May 14, 1999.

MY 3202 535 OFEEKO2 @72 @ (199 F 9 24 7)
Fig. A3.20.2 Binarized image of snow cover areas on Mt. Chokai on September 24, 1999.
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S48 OFEEED 2 @ (7 (2000 fF 5P 30 7)
Fig. A3.21.1 Binarized image of snow cover areas on Mt. Chokai on May 30, 2000.

Y 3.21.1

Ry 3212 535 OAEERKO 2 @{~2 (2000 # 10 19 7)
Fig. A3.21.2 Binarized image of snow cover areas on Mt. Chokai on October 19, 2000.
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Ry 3221 53§ OREERKO2 @2 #H 2001 # 5P 137)
Fig. A3.22.1 Binarized image of snow cover areas on Mt. Chokai on May 13, 2001.

MY 3222 S350 OREERKO?2 @2 H 2001 F 98 57)
Fig. A3.22.2 Binarized image of snow cover areas on Mt. Chokai on September 5, 2001.
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S OREERO2 @B E (2002 F SR 27)
Fig. A3.23.1 Binarized image of snow cover areas on Mt. Chokai on May 2, 2002.

HY 3.23.1

'Y 3232 235 OFEEHKO 2 @73 @ (2002 f 10 f 12 7)
Fig. A3.23.2 Binarized image of snow cover areas on Mt. Chokai on October 12, 2002.
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Ry 3242 535 OREEKO2@{~2 #2003 F 98 16 7)
Fig. A3.24.2 Binarized image of snow cover areas on Mt. Chokai on September 16, 2003.
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S5 OFREREAD 2 8 (7 E (2004 F S F 26 7))
Fig. A3.25.1 Binarized image of snow cover areas on Mt. Chokai on May 26, 2004.

Y 3.25.1

HY 3252

S OREERO 2 B (7B (2004 F 10 57)
Fig. A3.25.2 Binarized image of snow cover areas on Mt. Chokai on October 5, 2004.
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N 3261 595 ORFEEKD 2 @735 (2005 § 5 26 ")
Fig. A3.26.1 Binarized image of snow cover areas on Mt. Chokai on May 26, 2005.

MY 3262 535 OREEZKO2 @[3 (2005 # 10 f 26 7)
Fig. A3.26.2 Binarized image of snow cover areas on Mt. Chokai on October 26, 2005.
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S OREERD 2 @ (7B g (2006 f SR 9T
Binarized image of snow cover areas on Mt. Chokai on May 9, 2006.

'Y 3.27.1
Fig. A3.27.1

Y 3272

S OREERO 2 @ (7B (2006 f 10 f 18 )
Fig. A3.27.2 Binarized image of snow cover areas on Mt. Chokai on October 18, 2006.
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Ry 3281 53§ OMEEKD2@{~2 #H Q2007 F# 6 19 7)
Fig. A3.28.1 Binarized image of snow cover areas on Mt. Chokai on June 19, 2007.

'y 3282 S35 OFRFEEKD 2 @ (73 (2007 § 10 f 18 )
Fig. A3.28.2 Binarized image of snow cover areas on Mt. Chokai on October 18, 2007.
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R 3291 S5 OMEEKD2 @ (~3 #2008 F 50 12 7)
Fig. A3.29.1 Binarized image of snow cover areas on Mt. Chokai on May 12, 2008.

MY 3292 535 OMEZKO2E{~2 #2008 # 98 30 7)
Fig. A3.29.2 Binarized image of snow cover areas on Mt. Chokai on September 30, 2008.
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'y 3301 595 OMEEKD 2 @723 (2009 § 6 f 12 7)
Fig. A3.30.1 Binarized image of snow cover areas on Mt. Chokai on June 12, 2009.

MY 3302 S35 OREERKO 2@~ {E (2009 f# 10 B 23 7)
Fig. A3.30.2 Binarized image of snow cover areas on Mt. Chokai on October 23, 2009.
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Ry 3311 53 OREEZKO2 @2 #2010 # 5P 16 7)
Fig. A3.31.1 Binarized image of snow cover areas on Mt. Chokai on May 16, 2010.

Ry 3312 5§ OREEZRKO2@{~2 #2010 F 10 18 2)
Fig. A3.31.2 Binarized image of snow cover areas on Mt. Chokai on October 18, 2010.
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Ry 3321 5§ OREEZKO2 @2 H Q01 F SP18Y)
Fig. A3.32.1 Binarized image of snow cover areas on Mt. Chokai on May 18, 2011.

F'¥ 3322 A9 OREEKO2M@2EQ011F 10 197)
Fig. A3.32.2 Binarized image of snow cover areas on Mt. Chokai on October 19, 2011.
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Fig. A3.33.1 Binarized image of snow cover areas on Mt. Chokai on May 14, 2012.
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Fig. A3.33.2 Binarized image of snow cover areas on Mt. Chokai on October 10, 2012.
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Fig. A3.34.1 Binarized image of snow cover areas on Mt. Chokai on June 13, 2013.
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Fig. A3.34.2 Binarized image of snow cover areas on Mt. Chokai on October 19, 2013.
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Fig. A3.35.1 Binarized image of snow cover areas on Mt. Chokai on June 5, 2014.
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Fig. A3.35.2 Binarized image of snow cover areas on Mt. Chokai on October 23, 2014.
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Fig. A3.36.1 Binarized image of snow cover areas on Mt. Chokai on May 11, 2015.
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Fig. A3.36.2 Binarized image of snow cover areas on Mt. Chokai on October 16, 2015.





